
ORIGIN OF COPPER ORES OF THE "RED 
BEDS" TYPE. 

AUSTIN F. I•OGERS. 

During the microscopic examination of polished sections of 
copper sulphide minerals in reflected light, the writer found that 
specimens of so-called chalcocitized lignite from the Sierra 
Oscura in New Mexico contained hematite, pyrite, 'bornire, and 
only a minor amount of chalcocite. The presence of these min- 
erals and their relations throw some light upon the origin of these 
interesting ores. • Such light should 'be welcome, for the field 
relations give no decided evidence as to their origin. 

The specimens in question are representatives of a widely dis- 
tributed type of copper ore which may for convenience be called 
the "Red Beds" type. These copper ores are found principally 
in the southwestern part of the United States. They have been 
described from Arizona, Colorado, New Mexico, Oklahoma, and 
Texas, 'but seem to be especially common in New Mexico, in 
which state they have been reported from nine counties. They 
were first described from A'biquiu, near Santa Fe, New Mexico, 
by Newberry in a report on the Macomb Expedition of I859, 
published in I876. 

Similar occurrences of copper ores are of world-wide distribu- 
tion, for they have been described from Central Asia (Kirghiz 
Steppes), Turkestan, Bohemia, England, Nova Scotia, and Bo- 
livia. The Mansfeld (Germany) deposits, though perhaps syn- 
genetic rather than epigenetic, are c}osely related. 

A general account of the American deposits has been given 
by S. F. Emmons •' and by Lindgren. a The occurrences in 

• Since this paper was written A. E. Fath (EcoN. G•.o•.., Vol. 5, PP. I40-I50, 
I9•5) has briefly described polished sections of copper ore from the "Red 
Beds" of Oklahoma. 

•-Bulletin No. 260, U.S. Geol. Surv., pp. 221-232 (19o4). 
a EcoN. G•-o•.., Vol. 6, pp. 356-38• (•9•I); "Mineral Deposits," pp. 369-3?'6 

(•9•3). 
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New Mexico are described by Lindgren, Graton, Gord,on, and 
Schrader. 4 A bibliography of publications relating to the western 
deposits is given by Hill? 

The copper ores of the "Red Beds" type occur in sandstones 
and shales as disseminated specks or as nodules or replacements 
of plants, the latter often large tree-trunks. While these ores 
occur in the "Red Beds" series, which range from the Carbon- 
iferous through the Permian into the Triassic, they are usually 
directly associated with light-colored sandstones from which the 
red color has probably been bleached. 

The minerals recorded in the literature are principally chalco- 
cite and its oxidation products, malachite and azurite, but pyrite, 
chalcopyrite, and bornitc are occasionally mentioned and also 
barite and gypsum. 

ORES FROM THE SIERRA OSCURA• NEW MEXICO. 

The Sierra Oscura specimens, With which this paper is mainly 
concerned, were collected by Mr. H. W. Turner in I9OI and 
through his kindness have been presented to Stanford University. 
Mr. Turner ø wrote a short account of the geology of the Sierra 
Oscura deposits. The copper ores .occur in sandstones and shales 
interbedded with red sandstones and with Carboniferous lime- 

stone. The writer has examined a thin section and polished sec- 
tion of one of the copper-bearing sandstones. It is a fine-grained 
arkose with quartz, orthoclase, plagioclase, biotite, ohiorite, apa- 
tite, and white opaque spots which are probably kaolinire. Chal- 
cocite occurs in irregular specks between, and also replacing, the 
quartz and silicates. Hematite with brown limonitic stains also 
occurs in much the same way as the chalcocite. A coarse red 
arkose with calcite cement contains magnetite and hematite, but 
no copper minerals. 

The copper ore specimens from the Sierra Oscura are of two 
kinds. Some, which range up to three or four inches in size, are 

4 Prof. Paper No. 68, U.S. Geol. Surv. (I9IO). 
5 Bulletin No. 58o-D, U.S. Geol. Surv., p. 57 (I913). 
• Trans. Am. Inst. Min. Eng., Vol. 33, Pp. 678-68I (I9O3). 
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EXPLANATION TO PLATE XVI. 

Fro. •. Wood replacement (•a) and nodule (•b) from Sierra Oscura, 
New Mexico. 

Fro. 2. Polished section of nodule from Sierra Oscura, New Mexico. (p) 
pyrite; (b) bornite; (cc) chalcocite; (m) melaconite; (h e ) hematite of 
second generation. 

Fro. 3. Polished section from Sierra Oscura, New Mexico (h) hematite; 
(p) pyrite; (b) bornite; (cc) chalcocite; (m) melaconite; (q) quartz. 

Fro. 4. Polished section of wood replacement from Sierra Oscura, New 
Mexico. (p) pyrite; (b) bornite with chalcocite border; (m) melaconite. 



PLATE XVI. ECONOMIC GEOLOGY. VOL Xl. 

FIG. Ib. FIG. • a. F•. 2. 

FIG. 3- FIG. 4- 
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undoubtedly plant replacements for the wood structure is plainly 
visible. Fig. •a represents a typical specimen. The other speci- 
mens are more or less spherical nodules or concretions about an 
inch or so in diameter. They are represented by Fig. •b. The 
exterior of both kinds of specimens is dull brownish black with 
a little malachite or azurite. In the interior bornite and pyrite are 
the only minerals distinctly recognizable with the hand lens. 
Polished sections are necessary to identify the other minerals. 

The study of polished sections in reflected light reveals a num- 
ber of minerals with interesting relations. The minerals identi- 
fied are hematite, pyrite, bornite, chalcocite, chalcopyrite, covel- 
lite, melaconite, limonite, malachite, azurite and quartz. The 
accompanying micro-photographs were made by means o.f the 
large Leitz metallogr'aphic microscope. 

Fig. 2 (of one of the nodules) and Fig. 3 (of one of the wood 
replacements) show the general relations of the minerals with low 
magnification. The smooth light-colored areas are bornite (b), 
which is bordered by chalcocite (cc), and it in turn by melaconite, 
which is the dull gray mineral making up the main mass of both 
photographs. The dark veinlets of Fig. 2 are quartz and hema- 
tite. The dark spots within the bornite areas which are a little out 
of focus are residual specks of pyrite and hematite. Though the 
n, odules (Fig. 2) and plant replacements (Fig. 4) have the same 
minerals there is some difference in the structural relations. In 

Fig. 4 the bornite occurs along anastomosing channels. The 
spaces between the channels show a fine detailed structure which 
on higher magnification gives Fig. 5- This is evi.dently cell- 
structure of wood. My colleague, Professor L. D. Burlingame, 
of the botany department of Stanford University, who kindly 
examined these sections, says "this suggests coniferous wood." 
The cell structure occurs only over part of the area of Fig. 4. 
The areas not occupied by the cell structure probably represent 
hydrocarbons formed bef.ore the replacement or possibly represent 
decayed areas. With the access of ore-bearing solutions both 
hydrocarbons and undestroyed wood with cell structure were re- 
placed. As will be seen later, Fig. 4 is a late stage of replacement 
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EXPLANATION TO PLATE XVII. 

F•G. 5. Polished section of wood replacement, Sierra Oscura, New Mex- 
ico, showing cell structure. (h) hematite; (m) melaconite. 

Fro. 6. Polished section of wood replacement from Sierra Oscura, New 
Mexico. (h) hematite; (p) pyrite; (b) bornite; (cc) chalcocite; (m) 
melaconite. 

Fro. 7. Polished section of nodule from Sierra Oscura, New Mexico. (h) 
hematite; (•) pyrite; (b) bornite; (cc') chalcocite; (m) raelaconite. 

Fro. 8. Polished section of wood replacemenf from Sierra Oscura, New 
Mexico, showing a speck of bornite bordered by corellite (cv) and late 
chalcopyrite ( cp ). 
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FIG. 7- FIG. 8. 
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and the explanation is that the cell walls afford capillary channels 
for the easy access of ore-forming solutions. ß 

Figs. 6 and 7 are higher magnifications showing residual spots 
of hematite (h) and pyrite (p) in bornitc (b). Both these min- 
erals have high relief, but hematite has a smooth surface and 
pyrite a rather rough surface and dark borders. Of the minerals 
present hematite was the first to be formed, for it occurs as 
residual specks in all the other minerals. It will be noticed that 
the pyrite has the same general shape as the hematite but is 
usually smaller. This suggests that the pyrite was f.ormed by the 
replacement of hematite. In proof of this fiote that areas which 
were evidently all hematite are now in part pyrite. The hematite 
often has vermicul.ar markings and along these pyrite is some- 
times developed. In a few cases distinct veinlets of pyrite cutting 
the hematite were recognized. 

The next stage was the formation of bornitc at the expense of 
pyrite. 7 During this stage 'hematite was apparently not affected 
and simply remained as a residual mineral. The replacement of 
pyrite by bornitc seems to have .been more regular than the re- 
placement of hem'atite by pyrite. 

The bornite areas are everywhere fringed by a narrow rim of 
blue chalcocite and occasional veinlets of blue chalcocite pene- 
trate the bornitc. This is true of specimens represented 'by Figs. 
2, 4, 6, and 7, but they do not show in the photographs. It is 
necessary to photograph the sections with colored screens to bring 
out the chalcocite. Fig. 3, which was taken with a deep blue 
screen (Wrotten), gives an idea of the relative amount of chal- 
cocit• in this so-called chalcocitized lignite. The chalcocite was 
undoubtedly formed from bornitc, and there is no evidence that 
any of it came directly from the pyrite. While chalcocite is the 
usual alteration product of bornite, covellite (cv) and chalco- 
pyrite (cp) are sometimes formed. Fig. 8 is a minute area of 
bornire bordered by covellite and chalcopyrite. This was taken 
with a • oil immersion lens. Immersed in the oil the covellite 

turns purple, and this is an aid in photography. The chalcopy- 
* The replacement of pyrite by bornitc at Collahuasi, Chile, has been de- 

scribed by the writer (Min. and $ci. Press, Vol. IO9, p. 684 (October 3•, I9•4). 
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EXPLANATION TO PLATE XVIII. 

Fro. 9. Polished section of nodule from Payne County, Oklahoma, show- 
ing pyrite (p) replaced by chalcocite (cc). 

F•. Io. Polished section of wood replacement from Payne County, Okla- 
homa, showing cell structure. (cc) chalcocite; (m) melaconite. 

F•. I•. Polished section of wood replacement from Nacimiento district, 
New Mexico, showing cell structure. (p) pyrite; (cc) chalcocite; (cv) 
corellite. 

Fro. •2. Polished section of wood replacement from Red Gulch, Colorado, 
showing cell structure. (cc) chalcocite. 



PLATE XVlll. 

FIG. 9- 

ECONOMIC GEOLOGY. VOL. XI. 

FIG. IO. 

FIG. II. FIG. I2. 
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rite resembles chalcopyrite of the second generation co•nmonly 
observed in copper ores, and it sometimes occurs in typical gashes 
in borni.te. 

The dull gray substance exterior to the chalcocite and formed 
at its expense is probably melaconite, as it is rapidly attacked by 
hydrochloric acid, and the solution gives a good copper test, 
while the bornite and chalcocite are scarcely affected. The mela- 
ß conite is especially well shown in Fig. 4. The minute bright 
spots are principally remnants of chalcocite, but some are hema- 
tite. In its earlier stages the melaconite occurs in fairly regular 
anastomosing channels. As Fig. 4 shows, the presence of cell 
structure favors the development of melaconite. 

The veinlets along rhe centers of the melaconite channels are 
quartz (q) and hematite of the second generation (h.•). These 
are shown in Figs. 2 and 3- The quartz veinlets do not show 
well in the photograph because they reflect very li.ttle light. The 
hematite veinlets are very narrow and have high relief. Limo- 
nite also occurs in veinlets and as an alteration product of residual 
specks 'of hematite. The carbonates on the exterior of the speci- 
mens of quartz and hematite of the second generation represent 
the last stages of alteration. 

The order of succession of the various minerals, as determined 
by the metallographic microscope, is as follows: 

ORDER OF SUCCESSION OF MINERALS. 

I. Hematite. 

2. Pyrite. 
3- Bornire. 
4. Chalcocite, covellite, and late chalcopyrite. 8 
5- Melaconi.te. 
6. Hematite of the second generation, limonit,e, and puartz. 8 
7. Azurite and malachite. 
The history of this ore-deposit may be interpreted somewhat 

as follows: Before any replacement occt•rred the partial destruc- 
tion ,of cell structure of the wood was effected either by decay 
or by the formation of hydrocarbons, while the wood was perhaps 

8 The exact order of the minerals under 4 and 6 could not be determined. 
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partly changed to lignite. The replacement of organic matter by 
iron-bearing solutions probably gave rise to hematite on account 
of the dehydrating character of salt solutions under arid condi- 
tions. The nodules, which show no. evidence of organic structure, 
were probably originally limonite or siderite, although concre- 
tionary hematite is a possi'bility. Siderite, especi'ally, is common 
in concretions in shales and forms in the presence of organic mat- 
ter. Furthermore, siderite has been reported from deposits near 
Archer City, Texas, 9 which are similar to those under discussion. 
The hematite was next changed to pyrite .by alkaline sulphur- 
bearing solutions. Copper-bearing solutions then converted the 
pyrite into bornite and later the bornite into chalcocite with occa- 
sionally a little corellite and chalcopyrite. At a still later stage 
the chalcocite was oxidized to melaconite and finally a little hema- 
tite of the second generation was formed along with quartz. 

Before the origin of these ores is further discussed three other 
similar occurrences are briefly described. 

ORES FROM NACIMIENTO DISTRICT• NEW MEXICO. 

Through the courtesy of Dr. J. D. 'Clark, of the University 
of New Mexico, the writer has been able to examine a specimen 
of chalcocite ore from the Nacimiento Mountains (the locality is 
seven miles southeast of Senorita) New Mexico. This specimen 
is evidently a replacement of wood or lignite. The polished 
specimens reveal three minerals: pyrite, chalcocite, and corellite. 
Fig. • is a photograph of one of the sections. The chalcocite 
is formed at the expense of the pyrite. This probably means 
long-continued action of the solutions and in itself is evidence of 
the action of meteoric waters. There are occasional blotches of 

corellite within the chalcocite, and corellite has also formed along 
a transverse fracture. The cell structure of the wood is well 

preserved in the chalcocite. Cell structure is rarely preserved in 
pyrite, but the cell walls furnish capillary channels for later solu- 
tions which alter the pyrite to-chalcocite. There are also areas of 
hydrocarbons which do not show •:he cell structure, and. chalcocite 

g E. J. Schmitz, Trans. ,4m. Inst. Min. Eng., Voll 26, p. 97 (I896). 
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has also replaced these to some extent. The Nacimiento deposits 
have been described by Schrader? 

ORES FROM rAYNE COUNTY• OKLAHOMA. 

A few specimens of chalcocitized wood and concretions from 
near Stillwater, Payne County, Oklahoma were kindly furnished 
by Mr. W. A. Tarr of the University of Missouri through my 
colleague, Professor C. F. Tolman, Jr. A paper on these copper 
ores by Mr. Tarr appeared in this journal several years ago, TM but 
he made no microscopic examination of polished sections. 

The specimens consist of nodules 'and wood replacements. The 
concretions are made up largely of chalcocite, pyrite, and quartz 
with a little covellite. On the exterior pyrite predominates and 
in the center chalcocite. Fig. 9 is a micro-photograph taken along 
the transition zone between the two minerals. The replacement of 
pyrite by chalcocite is evident. 'In the interior of the nodule, 
pyrite is practically 'absent and in its place there is chalcocite with 
included quartz grains. This indicates that the nodules were 
formed by the replacement of a sandstone, principally of the 
cement but also of the sand grains to some extent. The replace- 
ment has reached an advanced stage because of the capilla?y 
channels around the sand grains. On the exterior of the nodule 
the solid mass of pyrite was replaced with difficulty. 

A transverse polished section of the wood replacement is repre- 
sented by Fig. •o, which shows cell structure of the wood. The 
principal mineral here is chalcocite with gray non-metallic melaco- 
nite on the exterior ,of the cells. Covellite is also present in 
occasional patches. No pyrite is visible in the specimens formed 
by the replacement, 'but it was proba:bly abundant at one time and 
has since been completely replaced because of the cellular texture 
which furnishes capillary channels for the ingress of solutions. 

ORES FROM RED GULCH, COLORADO. 

Professor W. Lindgren, of the 'Massachusetts Institute of 
Technology, has kindly fui'nished the writer specimens of chal- 

xx ECON. G•.o•.., Vol. 5, PP. 221-226 (1910). 
xo Prof. Paper No. 68, U.S. Geol. Survey, pp. I41-149. 
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cocite from carbonaceous shale of Red Gulch, Colorado, which 
have been described TM by him. The polished sections were made 
from the specimens figured :by Lindgren2 a The only mineral 
visi'ble in the sections is chalcocite, bm it is not unreason,able to 
suppose that the chalcocite is due to the complete replacement of 
pyrite by long-continued action. It is very doubtful whether chal- 
cocite is ever formed in any amount except by the replacement 
of other sulphides. This specimen is not a replacement of shale, 
but a replacement of wood for the micro-photograph (Fig. x x) 
shows clearly the cell structure of wood. The cell structure is 
absent in spots, where possibly the wood had decayed or resins 
were formed. The apparent lamination of the shale in the chalco- 
ci. te of Lindgren's photograph is due to linear areas of cell 
structure. 

ORIGIi• OF COPPER ORES OF TIlE • RED BEDS •' TYPE. 

It seems clear from the published descriptions that most, if not 
all, of the copper ores of the Red Beds type have a similar origin. 
What alvplies to one deposit will, with some modification perhaps, 
probably apply to all. 

The origin of ores of this type has been discussed by S. F. 
Emmons, Lindgren, Turner, Graton, Schmitz and Hill. Both 
Turner TM and Schmitz •5 incline to the syngenetic origin, but 
Lindgren considers that the epigenetic origin is practically proved. 
While the geological evidence perhaps favors the epigenetic origin 
of the copper ores, the microscopic evidence .conclusively proves 
it, for the copper minerals were introduced at a comparatively 
later stage. 

Whether these 'ores were deposited by cold descending meteoric 
waters or by hot ascending solutions is the next question to be 
settled. Lindgren sees in these copper ores the work of meteoric 
waters. :As to the Sierra Oscura occurrence, Graton believes that 

copper-bearing solutions have come up from below along faults,. 
•2 Bull. 340, U.S. Geol. Survey, pp. I7O-I74 (x9o7). 
ha ,, Mineral Deposits," Fig. II5, p. 37I. 
•4 Loc. cit. 

•5 Loc. cit. 
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Turner, on the other hand, thinks that the ores are later than the 
main faults. In the Tularosa (New Mexico) district copper ores 
occur in sandstone of the "Red Beds" and also in an under 

lying igneous rock (diorite-porphyry). Graton/6 who describes 
these deposits, believes that these two types of ores are closely 
related in origin. He dissents from the views of Lindgren and 
decides in favor Of the formation of •both the Tularosa and Sierra 

Oscura copper ores by hot, ascending solutions. 
The geological evidence, while perhaps favoring the meteoric 

origin, is not conclusive. It is, moreover, probable that Lind- 
gren's views are partly based upon the supposed reducing action 
of the organic matter on copper solutions to form chalcocite. But 
we know that in the case of the Sierra Oscura and Nacimiento 

deposits ch'alcocite was not precipitated by organic matter, and 
it is not at all certain that such was the case in the Red Gulch 

deposit. As the copper ores occur in the nodules as well as in 
the plant replacements at Sierra Oscura, the r61e of carbon as a 
reducing agent is very improba*ble. As Lindgren himself has 
sai.d, "The importance of precipitation by carbonaceous material 
has been overestimated .... ,us In this connection it is interest- 

ing to note that Clark •ø failed to precipitate copper sulphide on 
coal from a solution of copper and ferrous sulphates even at the 
end of 122 days. Lindgren's remark "It is necessary to explain 
why chalcocite is characteristic of these deposits and chalcopy- 
rite of the fissure veins-2o loses its force after the results of the 

microscopic examination are obtained. 
All students of ore-deposits must admit that at least some types 

of ore-deposits, though perhaps greatly in the minority, are 
formed from meteoric waters, though, as Lindgren 2• says, 

"The prevailing influence of igneous intrusions on ore deposition is, 
however, so strong that it is difficult to establish the proofs of the less 
conspicuous deposition by purely meteoric water." 

x0 Prof. Paper No. 68, pp. 188-189 (1910). 
x? ,, Mineral Deposits," p. I74. 
x8 Bull. Univ. of New Mexico, Chem. Series, Vol. I., p. II7 (I914). 
x, ,, Mineral Deposits," p. 375. 
•.0 ,, Mineral Deposits," p. 387. 
9.x Min. and Sci. Press, Vol. lO9, p. 685. 
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Now let us consider the evidence furnished by the microscope 
for it is in cases of this kind, when the geological ev'idence is not 
convincing, or when the geology admits of several interpretations 
(e./7., Turner's and Graton's interpretation of the Sierra Oscura 
deposit), that we may turn to the microscope with some degree 
of confidence. For let it 'be emph'asized that the history of an 
ore-deposit is written in the mineralogical changes revealed by 
the microscope, as well as in the :bro'ad geological features, and 
when we have made a little more progress interpretations based 
upon microscopi,c work will probably be more exact than those 
based upon field geology though of course microscopic work and 
field work should go hand in hand. 

The later stages of the Sierra Oscura ores, and I speak more 
particularly of the Sierra Oscura ores for the microscopic record 
is more complete for them, are clearly the result of meteoric 
waters. The replacement of bornite by chalcocite does not in 
any way suggest the irregtilar "upward enrichment" structur:' 
recently descri'bed by the writer. 2• The fact that bornite is 
bordered by chalcocite and penetrated by veinlets of chalcocite is 
clear evidence of descending solutions. As the chalcocite im- 
mediately preceded the melaconite stage it is certainly formed 
by solutions directly in advance of the oxidizing solutions and 
these must have been meteoric waters. The chalcocite, then, is 

certainly the product of downward enrichment. 
Next let us consider the earlier stages. Of the earlier formed 

minerals hematite furnishes the most conclusive evidence as to 

the origin of the Sierra Oscura ores. There are two fairly well 
defined kinds of hematite. The well-crystallized hematite (specu- 
larite) is a high temperature mineral occurring in igneous rocks 
as a magmatic mineral, 2• in contacts, in deep veins and in vol- 
canic rocks as a sublimate. Cry.pto-crystalline and amorphous 
hematite occurs in sedimentary iron-ores such as the Clinton ore, 
in concretions, in pseudomorphs after other iron minerals, and in 
the gossans of ore-deposits of arid regions. The hematite o.f the 

22 One of the clearest examples of magmatic hematite is found at the Engels 
mine in Plumas County, Cal. See Turner and Rogers, Ecoa. GEOL., Vol. 9, 
pp. 359-391 (July, I914). 



ORIGIN OF COPPER ORES OF THE RED BEDS TYPE. 379 

Sierra Oscura specimens belongs to the second kind of hematite. 
Though proba.bly crypro-crystalline 'by slow, long-continued .crys- 
tallization, there is no indication of the crystalline condition, and 
it does not have the appearance of specular hematite. Under 
arid conditions, and we know that at the time of the deposition 
of the Red Beds arid conditions prevailed in the southwest, hema- 
tite was proba'bly formed instead of limonite on account of the 
presence of salts in solutions or limonite or siderite might have 
been converted into hematite under these conditions? 

Pyrite, while usually formed by ascending thermal waters, 
is at times undoubtedly formed from meteoric waters. It is 
fairly common in sedimentary rocks and sedimentary pyrite de-. 
posits are known. 24 A large pyri'te deposit at Leona Heights, 
in Alameda county, California, has been assigned a meteoric 
origin by Whitman, • and while his arguments are not convincing 
for the meteoric origin of this particular deposit, his experiment 
to produce pyrite under vadose conditions was successful. Sie- 
benthal has observed pyrite in springs at Sulphur Springs, Ark., 
which has undoubtedly formed from cold alkaline solutions. 

Bornite, like pyrite, has usually been formed by ascending 
thermal solutions, but it, like pyrite and chalcopyrite, is probably 
a persistent mineral ranging in occurrence from igneous rocks to 
deposits formed near th• surface from cold meteoric waters. 
Bornite has recently •ø been described as nodules in shales from 
Mashonaland, southern Rhodesia. It is interesting to note that 
Mennell 'believes that the bornite is a replacement of pyrite. 
While this bornite occurs in Silurian or Lower Devoniat• sand- 

stone instead of in Red Beds, it is suggestive that the shales show 
pseudomorphs after cubic crystals of salt. 

The relation of the bornite to the pyrite is practically that of 
the "exploding bomb" structure described by Graton and Mur- 

•.a Gagel, Zeit. f. prakt. Geol., Vol. x8, pp. I8-23. Abstr. in Eco•v. GEox.., Vol. 
5, P. 499 (x9IO) ß 

34 Lindgren, "Mineral Deposits," p. 232. 
•.5 EcoN. GEo•.., Vol. 8, pp. 455-468 (I913). 
•.o MenneI1, Mineralogical Magazine, Vol. I7, p. iii (I914). 



38o AUSTIN F. ROGERS. 

dock, 27 'but this structure is probably produced by both hypogene 
and supergen.e solutions. 

While pyrite and bornite may have been formed either by 
meteoric or thermal waters, the occurrence of hematite of the 
low-temperature type in concretions constitutes the most con- 
clusive single argument in favor of the meteoric origin of the 
Sierra Oscura ores. The presence of hematite in two genera- 
tions between which periods the sulphides were formed, suggests 
arid climate followed by humid climate and finally, by another 
period of arid climate. The dependence upon the climate is addi- 
tional evidence in favor of the meteoric origin. 

In conclusion, then, it may be said that the microscopic evi- 
dence, and the geological evidence as far as it goes, suggest that 
the copper ores of the "Red Beds" type were formed 'by meteoric 
waters without the agen, cy of igneous rocks. The ores were 
formed by circulating solutions, which may have been locally as- 
cending, during a long-continued period of time. The solutions 
were alkaline, at least during the earlier stages. As with most 
ores, there were definite stages of mineralization. 

In view of the fact that the prevailing trend in the study of 
ores is towards the increasing importance of magmatic waters 
(and the writer is fully in accord with this view) it is interesting 
to find evidence of the influence o.f meteoric waters in t'he deposi- 
tion of ores and to find an application o,f the theoretical prin•ciples 
of ore-deposition so. ably set forth by Van Hise. 2s The Red Beds 
type of copper ores, is probably one of the few cases in which 
Van Hise's principles of ore deposition will apply. 

2• Trdns. Am. Inst. Min. Eng., Vol. 45, PP. 26-8x (x9x3). 
28 Trans..4m. Inst. Min. Eng., Vol. 30, pp. 27-x76 (x9ox); also Mono- 

graph 47, U.S. Geol. Surv., pp. I23-I9X (X904). 


